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Spectral Radiance of Sun and Earth 
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Low Tran Calculations of the Earth's Radiance 



Summer, 30 to 40° N. Latitude, Over Land, Sunlit 



Winter, 70 to 80° N. Latitude, Over Land, Not Sunlit 
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Power Densities as Function of 
Altitude for Wavelength Band 8-13 piM 


Altitude 

©M 

P/A s 

Summer 

(W/M 2 ) 

Winter 

200 MILES 

72° 

134.13 

45.27 

300 

68 

127.52 

43.04 

622 

59 

110.05 

37.14 

932 

54 

96.82 

32.68 

1500 

46 

77.46 

26.14 

2000 

42 

64.94 

21.92 

22,996 

26.8 

31.17 

10.52 


Power Densities as a function of Altitude calculated with these 
spectral radiance from the preceding two graphs. ©m is the 

FOV NEEDED BY THE RECEIVER TO CAPTURE ALL OF THE EARTH 
RADIATION. 


The original plan of attack was to fabricate the rectennas at 
1.0 MM WAVELENGTHS AND THEN SCALE AND DESIGN FOR 100 jUM 
WAVELENGTHS AND ULTIMATELY FOR 10 jUM WAVELENGTH OPERATION. 


The problem was approached by first looking at the antenna and 

THE DIODE SEPARATELY BEFORE ATTEMPTING TO FABRICATE THE 
RECTENNA. 


The idea of free space power transmission makes the millimeter 

WAVE RECTENNAS A GOAL BY THEMSELVES. SEMICONDUCTOR RECTIFYING 
ELEMENTS SHOULD BE USED INSTEAD OF THE METAL-OXI DE -METAL 
RECTIFIERS WHICH WERE INTENDED FOR USE IN THE INFRARED REGION. 
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Scaling the low frequency (2.45 GHz) rectennas for operation 

IN THE MMW OR INFRARED REGIONS IS NOT STRAIGHT FORWARD. 


1) Rectifying elements become inefficient. 

- Present semiconductor devices will only work up 
TO THE 100'S OF GHz. 

- MOM DIODES ARE THE BEST (ALBEIT INEFFICIENT) 
CHOICE FOR HIGHER FREQUENCY WORK. 


2) The antenna reception becomes complicated. 

- At some point in the MMM region it becomes 

IMPRACTICAL TO ATTACH DIODES TO THE INDIVIDUAL 
ANTENNAS. 

- The rectennas will have to be made on 

SEMICONDUCTOR SUBSTRATES WHICH ARE ELECTRICALLY 
THICK. 

- Antennas on finite thickness dielectric slabs 

WITHOUT GROUND PLANES ARE NOT WELL UNDERSTOOD. 

- This type of antenna cannot easily be modeled at 
X-band. The measurements should be made in the 

MMW REGION. 
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Georgia Tech MOM Diode Work 


Metal-Oxide-Metal (MOM) diodes have been made at Georgia Tech 

FOLLOWING THE WORK OF HeIBLUM, ET.AL. 

They have developed a method to get a thin oxide layer and a 

SMALL JUNCTION AREA. 

The technique is based on building the diode laterally instead 

OF VERTICALLY. 



Structure of the Edge MOM Diode 


To GET EXTREMELY THIN (10-50 A) OXIDE LAYERS AN EQUILIBRIUM 
PROCESS OF SPUTTER ETCH AND OXIDATION IS USED. 


Georgia Tech has made Nickel-Nickel oxide - Nickel and Nickel 
- Nickel oxide - Bismuth diodes. 


The nickel was allowed to oxidize in the atmosphere. 


In both cases the symmetric I-V curves where obtained 

INDICATING THAT A SELF BIASING RECTIFYING CIRCUIT WOULD BE 

needed in order to improve the efficiency. 
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MOM DIODE FABRICATED AT GEORGIA TECH 
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Metal-Oxide-Metal Diode - Theoretical Consideration 


The thickness of the oxide layer can be estimated from the 

TRANSIT TIME OF THE ELECTRONCS THROUGH THE OXIDE. 


Transit Time 


Oxide Layer 


10 



10 A 


10" 13 S 


100 A 


The order of magnitude of the junction size can be estimated 

FROM THE RC-PRODUCT FOR OPERATION IN THE 10 _J - H - 10" SEC 

RANGE. 

JUNCTION AREA 0.1 /JM^ 


For a 10 A thick, 0.1 device capable of handling 10^ 

A/CM Z AT 1 VOLT, THE POWER HANDLING CAPABILITY IS ESTIMATED TO 
BE 10"” WATTS. 
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RESISTANCE (OHM-em*) 



Ideal current - voltage relationship 

FOR RECTIFYING DIODE 


1C 



0 12 3 4 5 6 

V IVOLTS) 


R-V CURVE FOR THE SYMMETRIC MOM DIODE IS VERY DEPENDENT 
ON THE OXIDE THICKNESS. (AFTER SlMMONS). 
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Asymmetric MOM still has very symmetric R-V 
(and thus I-V) curves. (After Simmons) . 
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I-V Curves for the MOM diodes fabricated at Georgia Tech. Note 

THAT BOTH THE SYMMETRIC AND ASYMMETRIC MOM DIODES HAVE 
SYMMETRIC I-V CURVES. 


Alternatives to the Conventional MON Diode 


1) Apply the barrier layer with a Langmuir-Blodgett film. 

This address the difficulty of producing a pin hole 

FREE OXIDE LAYER THAT IS ONLY TENS OF ANGSTROMS 
THICK. 

The Langmuir-Blodgett film is a continuous organic 

FILM ONLY ONE MOLECULE LAYER THICK. 


2) Semiconductor Vertical Structure Tunnel Diodes. 

These have a band structure very similar to the MOM 

DIODE, ONLY THESE CAN BE FABRICATED WITH EXISTING 
SEMICONDUCTOR PROCESSES. 

3) Semiconductor Quantum Well Devices. 

These devices have very nonlinear I-V curves. They 

EVEN CONTAIN A NEGATIVE RESISTANCE REGION WHICH 
MIGHT HAVE SOME APPLICATION FOR THE RECTIFICATION 
PROBLEM. The ALTIMATE SPEED OF THESE DEVICES IS NOT 
KNOWN BUT IT IS PREDICTED THAT THEY WILL WORK UP TO 

10 13 Hz. 
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Georgia Tech Substrate Mounted Antenna Work 


Basic configuration is a dipole antenna on an electrically 

THICK SUBSTRATE. 


A CALIBRATED BISMUTH BOLOMETER IS THE DETECTOR. 


Working at 230 GHz (1.3 mm wavelengths) has its advantages and 
disadvantages: 


The complete far field antenna range can be placed 

ON TOP OF AN OPTICS TABLE. 

Scattering from the antenna positioner and from the 

EDGES OF THE SUBSTRATE WHICH HOLDS THE ANTENNA IS A 
MAJOR PROBLEM. 

Stray pickup on the leads which connect antenna to 

THE EXTERNAL CIRCUITS MUST BE ELIMINATED. 

The antenna must remain stationary (to within X/16 

OR 80 fAM UNDER ROTATION IN ORDER TO ASSURE IT IS 
SUBJECTED TO A CONSTANT INCIDENT FIELD. 



Antenna 

Positioner 


Layout of Table Top Antenna Range 
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ORIGINAL PAGE 

SLACK AND WHITE PHOTOGRAPH 



Photograph of the table top far-field range used for making 

THE FIELD PATTERN MEASUREMENTS OF THE SUBSTRATE MOUNTED 
ANTENNAS. 
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Layout of the antenna structure. 
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Scanning Electron Micrograph of the antenna structure. 
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Field patterns for a substrate mounted antenna made at Georgia 
Tech. 
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Other Types of Substrate Mounted Antennas 


Bow-tie 


Spiral 




P.P.T, TONG, PH. Di THESIS, CALIF INST TECH, 1985 
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A GENERAL PROPERTY OF THE SUBSTRATE MOUNTED ANTENNAS IS THAT 
THE ANTENNA PATTERN IS HEAVILY WEIGHTED INTO THE SUBSTRATE. 



C.R. BREWITT-TAYLOR ET AU EUC-J-EH' V0L ^ PG 729 


WE CAN USE THIS PROPERTY TO PERFORM TASKS, SUCK AS FOCUSING, 
WITH THE SUBSTRATE. 

Bow-Tie Antenna 



Incident Radiation 


D.B. RUTLEDGE ET AL, It lFRA RED VOL IQ- PG 1 


Directions for Future Work 


1) Understand the reception of the substrate mounted 

ANTENNAS ON ELECTRICALLY THICK SUBSTRATES. 

2) Look at ways to increase the reception of taking 

ADVANTAGE OF THE ELECTRONICALLY THICK SUBSTRATES. 

3) Integrate a semiconductor diode with the substrate 

MOUNTED ANTENNA. 
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